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 Abstract– Prompt Gamma Neutron Activation Analysis 
(PGNAA) systems, such as Idaho National Laboratory’s PINS 
system [1], are used by the U.S. Army to identify chemical 
warfare materiel (CWM) and explosives in recovered munitions.   
The wide variety of fill chemicals and assessment conditions for 
these munitions makes Monte Carlo modeling of the gamma 
spectra attractive in order to assess the impact of these variations 
on identification algorithms as have recent improvements to the 
prompt gamma production in the nuclear data libraries for low-
Z chemical elements.  The availability of High Performance 
Computing (HPC) systems makes these simulations more rapid 
than laboratory measurements, and can be very useful provided 
the codes and associated data libraries accurately reproduce the 
laboratory measurements.  We present here a comparison of 
simulation results using the MCNP6 code [2] and the ENDF/B-
VII libraries with laboratory measurements using two different 
neutron sources, a californium-252 source and a deuterium-
deuterium (DD) neutron generator. 

. 

I. INTRODUCTION 

rompt Gamma Neutron Activation (PGNAA) systems use 
the neutron-induced gamma-ray spectra from test objects in 

order to identify their compositions.    The U.S. Army in 
particular uses these systems to identify the contents of field-
recovered munitions in order to determine the presence of 
chemical warfare materiel (CWM) or explosives.  These field-
recovered munitions can have a variety of different fills, 
including experimental fills, have a large range of sizes, and 
be assessed in different field conditions.  All these variations 
can have a significant effect on the neutron-induced gamma-
ray spectrum and therefore a large impact on automatic fill 
identification algorithms.  In order to develop robust 
identification algorithms, parametric studies of the effects of 
munition size, fill composition, and assessment conditions are 
very useful but time-consuming and expensive in the 
laboratory.  Monte Carlo modeling of the system response to 
these variations is a very attractive alternative, provided the 
modeling accurately reflects real gamma spectra and can be 
performed quickly and inexpensively when compared to 
experiment. 

At Idaho National Laboratory we have used the Monte 
Carlo N-Particle (MCNP6) code [2] to calculate the response 
of the Portable Isotopic Neutron Spectroscopy (PINS) system 
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to a number of simulated chemical warfare munitions as well 
as performed laboratory measurements with the system.   Two 
versions of PINS system were used; one excited the test object 
with neutrons from a 252Cf source and one with neutrons from 
a portable deuterium-deuterium (DD) neutron generator.  The 
sets of measurements and simulations with the two different 
neutron sources provided experimental data for development 
of automatic fill identification algorithms as well as providing 
a good test of the agreement between the MCNP calculations 
and experiment. 

II. EXPERIMENTAL & MODELING ARRANGEMENT 

A. PINS Systems 
Two of INL’s PINS systems were modeled and used in the 

experiments.  The first is the miniPINS or PINS-2 system.  
This system uses a 5.0 μg isotopic 252Cf neutron source and a 
liquid-nitrogen-cooled high-purity germanium (HPGe) 
detector.  The neutron source emits approximately 1.0x107 
neutrons/second.  A schematic of the PINS-2 system is shown 
in Fig. 1 below. 

 
Fig 1.  PINS-2 (miniPINS) system 

 The second system used was a PINS-3 DD system.  This 
system uses a mechanically-cooled Ortec Transpec instead of 
a liquid-nitrogen-cooled HPGe detector.  The neutron source 
for this system is a Thermo-Scientific P-385 DD neutron 
generator, emitting approximately 5.0x106 neutron/second.  A 
schematic of the PINS-3 DD system is shown in Fig. 2. 
 For each of the two systems, a sample was placed in 
position in front of the detector and data was collected for 
3,000 live seconds. 
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Fig 2.  PINS-3 DD system 

B. Test Objects 
Measurements were made on a number

These test objects consisted of teflon contain
that were formulated to have the same or s
composition as chemical warfare mater
obscuring smokes.  Table 1 below shows th
the chemicals as well as the NATO designat
that they are intended to simulate. 

 
TABLE I. SIMULANT CHEMICALS 

 
 Agent Composition 
 HD 80% polyvinylchloride, 20% sulf
 L 57% hexachloroethane, 36% As, 
 BR2 24.5% hexachloroethane,30.8% A
  21.5% polyethylene, 23.2% graph
 WL 35.4% hexachloroethane, 20% A
  27% polyethylene, 10% sulfur, 7
 CG 61% oxalyl chloride, 39% carbon
 CK 100% cyanuric chloride 
 CNS 72% hexachloroethane, 28% succ
 CNB 45%  benzene, 45% carbon tetrac
  10% chloroacetophenone 
 CN 100% chloroacetophenone 
 VX 35% trimethylphosphine oxide, 4
  12% sulfur, 11% polyethylene 
 HC  16% alumina, 79% zinc chloride,
 KJ 100% stannic chloride 
 
The teflon containers of chemicals were pl
containers in order to simulate munitions. 
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C.  Modeling Procedure 
All the modeling was performed

1.0) code and the ENDF/B-VII.1 li
with the code.  The geometries fo
HPGe detector, shadow shielding a
test object, and the 252Cf or neutron g

The simulations were perfo
Performance Computing Enclave in
first step consisted of calculating th
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materials of the model.  The second
the detector response (F8 tally) to th
the first step.  Simulations were perf
listed in Table 1 for both the PINS-2

 

III. RESUL
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Figure 3  Measured vs simulated HD spectra 
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 The measured and calculated spectra were analyzed to 
determine the areas of peaks used to identify CWM.  A list of 
these peaks is shown in Table 2.  A few of these peaks are not 
included in the ENDF/B-VII.1 library and therefore cannot be 
used to compare modeling with measurements. 
 

TABLE II. KEY ELEMENT PEAKS 
 
 Element Thermal Capture Peaks Inelastic Scattering Peaks 
           (keV)                                (keV) 
 Cl 1165, 1951, 1959, 6111  1763 
 H 2223 
 N 5269, 10829  5108 
 P 3900*   1266, 2233 
 S 2379*, 5421*  2230  
 As    265, 279 
 Zn    992, 1077 
 Sn    1171*, 1230* 
  
*Not included in ENDF/B-VII.1 Libraries 
 
 
 
  

IV. CONCLUSIONS 
 

A few key gamma-ray peaks are not available in the 
ENDF/B-VII.1 libraries including capture gamma-ray peaks 
from 32S and 31P and neutron inelastic scattering peaks from 
120Sn.  Alternate libraries can be used for the neutron capture 
peaks in particular[3], but having fully evaluated and complete 
libraries distributed with the code would be very valuable for 
PGNAA applications. 

Aside from a few missing gamma-ray lines, the calculated 
spectra show all the key gamma-ray peaks that are used in the 
PINS fill identification algorithms.  Ratios of the areas of 
these peaks are critical in the identification algorithms and 
there is some disagreement between calculated and measured 
peak area ratios.  All of the calculated chlorine inelastic-to-
capture peak area ratios (Clic ratios) are higher than their 
measured counterparts for both the 252Cf and DD neutron 
sources.  This deviation appears strongest for those chemicals 
that are weakly moderating, i.e. contain no hydrogen.   

Even though there is some discrepancy between calculation 
and measurement the overall trends of the elemental ratios was 
preserved when comparing the response of one chemical to 
another.  This is very useful when trying to predict the 
response of the PINS systems to a new, previously 
unmeasured chemical.   

Continuing work will include determining the source of 
discrepancies between measurement and calculation and 
extending the calculations and measurements to include the 
system responses from a deuterium-tritium (DT) 14 MeV 
neutron source. 
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